Background: Oxytocin (OXT), fetuin-A and interleukin-18 (IL-18) are involved in the development and progression of metabolic syndrome (MetS) and prediabetes (pre/T2DM). Aims, participants and methods: This study aimed to compare and correlate the plasma levels of OXT, fetuin-A and IL-18 with clinical parameters, haematological indices and adiposity indices in Jordanian MetS subjects. In a cross-sectional study, 30 normoglycaemic lean study participants (control), 30 MetS study participants, and 29 MetS pre/T2DM study participants were recruited. Results: Median circulating levels of both OXT and fetuin-A were lower in MetS and MetS pre/ T2DM versus control group. OXT (pg/ml; median interquartile range): MetS 1975.4 and MetS pre/T2DM 1403 versus control 4176.6 (p = 0.009 and p = 0.001, respectively). For fetuin-A (ng/ml), MetS (5784) and MetS pre/T2DM (2154) were lower versus control (6756.3) (p = 0.040 and p = 0.007, respectively). Neither biomarker was described as substantially different in MetS versus MetS pre/T2DM (p = 0.071 and p = 0.155, respectively). Conversely, a nonsignificant increase in IL-18 was observed in the MetS and MetS pre/T2DM groups compared to normoglycaemic lean controls (232 and 287.5, p > 0.05 versus 108 for both). In addition, conicity index (C-index), atherogenicity index (TG-HDL-C), waist to hip ratio, mean platelet volume (MPV; fl) and red cell distribution width (RDW-CV%) in both MetS and MetS pre/T2DM were significantly higher (p < 0.001) versus controls. However all above MetS-related indices were not ascribed any statistically marked variation in the MetS group when compared to the MetS pre/T2DM group. Both total study pool of recruits' fetuin-A (Spearman r = -2.66, p = 0.049) as well as MetS pre/T2DM group IL-18 (Spearman r = 0.380, p = 0.046) were inversely correlated with RDW-CV%. OXT in MetS inversely correlated with waist circumference/hip circumference ratio (Spearman r = −0.387, p = 0.038). No other pronounced associations between biomarkers could be detected in any study arm. Conclusion: These findings substantiate the clinical relevance and significance of OXT, fetuin-A and IL-18 as surrogate screening/prognostic tools and therapeutic targets to predict/ prevent metabolic dysregularities and anomalies.
Introduction
Diabetes mellitus is a chronic, progressive endocrine disorder, which is caused by inherited and/ or acquired insulin deficiency and sensitivity. 1 Metabolic syndrome (MetS) is a cluster of risk factors that include hypertension (HTN), obesity, and hyperglycaemia, and which increases the risk of cardiovascular disease (CVD) and other health problems such as diabetes and stroke. 2 Cytokines are small, non-structural proteins that all nucleated cells can synthesize, and are primarily involved with homeostatic mechanisms or host response to infection. 3 There are 18 cytokines, among which are the interleukins (ILs) and tumor necrosis factor alpha (TNFα). Cytokines can be strongly associated with MetS. 3 IL-18 has been associated with obesity, 4 insulin resistance (IR), 5 HTN 6 and dyslipidaemia. 7 Furthermore, IL-18 has been shown to be elevated in patients with MetS. 8 Also, it plays a significant role in the development of type 2 diabetes (T2D) related microvascular complications such as atherosclerosis assessed with intima media thickness of the carotid artery and nephropathy. 10 Similarly fetuin-A (a blood protein synthesized by the liver) plays an important role in free fatty acid-induced IR in the liver. Furthermore, in prediabetes, fetuin-A is a predictor of adverse glycaemic outcomes 11 and increased fetuin-A pro-inflammatory effects are linked to increased incidence of CVD, non-alcoholic fatty liver disease and atherogenesis progression. 12 Oxytocin (OXT) is a neuropeptide produced by the hypothalamus which has a central role especially in energy balance regulation, besides its peripheral role in uterine contraction during labour and milk ejection during lactation. 13 Impressively, OXT and its analogues have multiple therapeutic actions beyond the role of weight control and metabolism regulation. 14, 15 They furthermore have lipid-lowering, insulin-sensitizing and insulin-secretory effects. 16 Peripheral OXT treatment can control hyperphagia and food intake, reducing visceral fat mass, obesity, fatty liver, glucose intolerance and diabetes. 16 Thus, this represents a new therapeutic avenue against diabetes, obesity and related lipid abnormalities, when administrated peripherally. 16 This study aimed to evaluate and compare the correlations of IL-18 and fetuin-A as inflammatory biomarkers with OXT metabolic hormone plasma levels in non-diabetic MetS and newly diagnosed drug naïve pre-diabetic/diabetic MetS patients. We aimed to evaluate potential associations between the mentioned markers with haematological indices, adiposity markers and atherogenicity indices in the same study population. This study may substantiate a molecular crosstalk of OXT, fetuin-A and IL-18 in the MetS-related dysregularities, thus further promoting these biomarkers as surrogate predictive/prognostic tools and potential therapeutic targets to prevent and/or delay the progression of pre/T2DM and MetS.
Participants, materials and methods

Study design
This was a cross-sectional study with three different cohorts: 29 healthy, lean [body mass index (BMI) < 25 kg/m 2 ] and non-diabetic participants (control arm); 30 non-diabetic patients with MetS, defined according to the International Diabetes Federation (IDF) definition of MetS 17 (MetS non-diabetic arm); and 30 pre-diabetic or newly diagnosed T2DM patients who are drug naïve and defined based on American Diabetic Association and IDF definitions of T2DM and MetS respectively (MetS pre-diabetic/diabetic arm). 17, 18 Exclusion criteria were as follows: pregnant or breast-feeding females; any prior treatment with anti-diabetic agents or naloxone or weight-reduction regimens; obesity secondary to endocrine derangement other than T2DM; inflammatory diseases such as inflammatory bowel disease; autoimmune or life-threatening disease, alcohol/drug abuse, recently diagnosed and untreated endocrine disorder.
Sample size calculation
Sample size determination was based on the literature as follows: 14
where: N = sample size; Z α = type one error = 1.96 when α = 5%; Z β = type two error = 1.28 when β = 10%; SD = standard deviation OXT baseline from study 14 (1.38 ng/L); and Δ = the difference yielded between OXT levels of diabetic/ pre-diabetic group versus the control group after a literature study 14 (2.07 ng/L). From this equation, the number for each part = 9 patients per study arm; multiple participants were used to power the study and increase the pool of participants. Figure 1 demonstrates the study recruitment flowchart. 
Clinical setting and duration
Statistical analysis
All data were coded, entered and analysed using SPSS © 22 (SPSS, Inc., Chicago, IL, USA). Chisquare tests were used for categorical variables. For continuous variables, comparison between study groups was conducted using the Mann-Whitney U test. The levels of markers were compared using multivariate one-way analysis of covariance (MANCOVA) with age as a covariate. Categorical variables were expressed as frequencies and percentages, and continuous variables were presented as medians ± interquartile range (IQR). Spearman correlation was used to assess the relationship between continuous variables and a p value < 0.05 was considered statistically significant. 
Results
Demographic and clinical characteristics
The demographic characteristics of the study sample are summarized in Table 1 . All participants were Caucasian; the majority (61.8%) were female. The median age was 41.5 (29-52) years and the median BMI was 27.4 (23.77-32.755) kg/m 2 . Intergroup statistically significant variations in the demographic characteristics such as age and BMI between the control and both MetS groups (non-diabetic and pre/diabetic; p < 0.05) were observed. This demonstrates heterogeneity between study arms. The following parameters were significantly higher (p < 0.001) in both nondiabetic MetS and MetS pre/T2DM groups when compared to the control group: systolic blood pressure (SBP), diastolic blood pressure (DBP), triglycerides (TG), low density lipoproteincholesterol(LDL-C), C-index, waist circumference to hip circumference (WC/HC) ratio, triglyceride-high-density lipoprotein cholesterol (TG/HDL-C) ratio and RDW-CV%. Meanwhile, HDL-C was significantly lower (p < 0.001) in both non-diabetic MetS and MetS pre/T2DM groups versus controls. Mean platelet volume (MPV) had higher levels in the MetS pre/T2DM group when compared to the control group (p < 0.05) ( Table 1) . As expected, MetS-related parameters (by definition) were not significantly different in the MetS pre/T2DM group when compared to the MetS group.
Fetuin-A, IL-18 and OXT levels and correlations
As demonstrated in Table 1 , median circulating levels of both fetuin-A and OXT were significantly lower in patients with MetS or MetS pre/T2DM as compared to respective controls (p = 0.009 and p = 0.001, respectively). Fetuin-A plasma levels in the total pool of recruits and IL-18 plasma levels in the MetS pre/T2DM participants correlated significantly and inversely with RDW-CV% (r = −0.266, p < 0.05 and r = −0.380, p < 0.001, respectively) (Table 2) . Furthermore, OXT correlated significantly and inversely with WC/HC ratio (r = −0.387, p = 0.038) ( Table 2) .
Discussion
IL-18 findings
Hung et al showed that IL-18 concentration was inversely associated with BMI, waist circumference, TG, blood pressure and insulin levels in a sample of 1111 participants 9558 men and 553 women). Noticeably, IL-18 correlated more strongly with waist circumference (r = 0.39) and HDL-C (r = 0.31), unlike other metabolic traits, and was associated marginally with age (r = 0.10) ( In comparison to a recent study published by Qian et al, the T2DM group in our study had lower OXT. 14 The T2DM group had lower OXT concentration (7.16 pg/ml) than normoglycaemic patients (9.23 pg/ml) (p < 0.001). 14 Similarly in our study, OXT level was significantly lower in both MetS (non-diabetic and pre/diabetic) participants versus lean and normoglycaemic controls (Table 1) . Consistent with other findings in the literature, OXT level did not vary significantly in non-diabetic MetS versus MetS pre/T2DM groups. Correlations for plasma levels of IL-18, fetuin-A, OXT and haematological and adiposity indices in the total study MetS population, and the three study groups. Importantly, OXT levels correlated inversely with WC/HC ratio in the non-diabetic MetS group. In findings from the literature, 14, 20 OXT correlated negatively with WC.
Correlation
Fetuin-A findings
In a study 21 of 103 patients with T2DM, no significant difference in plasma fetuin-A levels was found between the normoglycaemic group and the diabetic group (r = 0.03, p = 0.76). In another study, 22 fetuin-A levels were positively associated with: total cholesterol (TC), LDL-C, TG, WC, SBP, DBP and fasting blood glucose (FBG), but negatively associated with HDL-C level. In a clinical report, 23 circulating fetuin-A levels were investigated in a total of 205 patients with peripheral artery disease (PAD) and T2DM. The study identified that the highest fetuin-A concentration was found in T2DM PAD patients versus patients with normoglycaemic PAD (NGM-PAD) and versus T2DM non-PAD patients (p < 0.001). As well as PAD alone, patients' (NGM-PAD) fetuin-A concentrations were higher in comparison with patients with T2DM non-PAD (p < 0.001). 23 In our study, fetuin-A level median (interquartile range) (ng/ml) was 6009.5 (4728.6-7055.9) in the total sample, 6756.3 (5557-8081) in the control group, 5784 (4345-6779.1) in the MetS group and 2154 (3843-6854) in the pre-diabetic/T2DM group. Thus, intergroup comparisons demonstrate that fetuin-A plasma levels were significantly different in control versus MetS (p = 0.040) and versus MetS pre-diabetic/T2DM groups (p = 0.007) ( Table 1 ). Finally, fetuin-A was inversely correlated with RDW (r = −2.66, p = 0.049) in the total study pool of recruits (Table 2) .
Interestingly, a study 24 consisting of 62 patients with MetS aged 35-83 years concluded that serum fetuin-A is correlated with some components of MetS, such as fasting plasma glucose (FPG) (p = 0.030), LDL-C (p = 0.039) and TG (p = 0.048). 24 Patients with greater FPG had lower fetuin-A levels. Of note, fetuin-A concentration positively correlated with LDL-C and TG levels. Based on statistical analysis, no associations between fetuin-A and WC, blood pressure, HDL-C, HbA1C and BMI have been found in patients with MetS. 24
Conclusion and limitations
To our knowledge, this is the first time fetuin-A and IL-18 have been investigated in Jordanian BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; OXT, oxytocin; SBP, systolic blood pressure; TC: total cholesterol; TG, triglyceride; WC, waist circumference.
MetS and T2DM populations. Both fetuin-A and OXT circulating plasma levels were significantly different in the control versus MetS and versus MetS pre/T2DM groups (p < 0.05) in the total study population. Fetuin-A correlated significantly and inversely with RDW while OXT levels correlated significantly and inversely with WC/HC ratio. Finally, IL-18 correlated significantly and inversely with RDW in the MetS pre/T2DM group. This is a cross-sectional study with a single time point determination; thus, no causality relationship could be concluded. It cannot be precisely speculated whether the biomarker itself caused the metabolic disturbances of diabetes and/or MetS or the diabetes and/or MetS caused the changes in biomarker levels. Increasing the sample size and having a homogeneous gender sample of participants could help to clarify this. Finding age-matched participants in each arm was a challenge; it was a struggle to find either young MetS and T2DM patients or older healthy, lean controls. A larger sample size is required to establish correlations. However, we were unable to recruit a larger sample due to financial constraints. It is recommended that prospective cohort studies are performed to establish a cause -effect relationship. Further studies with a larger sample size and a homogeneous gender sample can help to verify our results.
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